Data from a British national cohort of women born in 1946 were used to investigate the hypothesis that the rate of depletion of oocyte numbers is associated with the age at which a woman reaches the inception of the perimenopause. Menopausal status was obtained using an annual questionnaire, sent to the cohort since the age of 47 years, and risk factor information from contacts with the survey throughout earlier life. Parous women entered the perimenopause later than nulliparous women. Those with the most children had the latest perimenopause, where the estimated hazard ratio for women having four or more children compared with those having none was 0.56 (95% confidence interval 0.39-0.81). Women who had a unilateral oophorectomy reached perimenopause earlier then those who had not (hazard ratio = 1.96, 95% confidence interval 1.15-3.35). There was some evidence that early age at menarche and short menstrual cycles were associated with an earlier perimenopause. No relation was observed with oral contraceptive pill use. Results provided some support for the hypothesis under consideration, while estimates of the median age at inception of the perimenopause due to these factors ranged from 46 to 50 years, which is an important variation with respect to later health. Am J
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Estimates of the median age of menopause in Western industrialized countries range between 48 and 52 years (1) . The menopause has implications for the subsequent health of women, with a well-established risk of postmenopausal osteoporosis and an increased risk of bone loss for those experiencing an early menopause (2) (3) (4) . In contrast, a later age at menopause may be associated with an increased risk of breast cancer (5, 6) and endometrial cancer (7) . The epidemiology of the menopause itself is therefore important, since factors that have an effect on the timing of the menopause may also be of clinical importance in relation to future disease risk.
The World Health Organization has defined the natural menopause as the permanent cessation of menstruation resulting from loss of ovarian follicular activity (8) . Prior to the menopause, during the phase known as the perimenopause, endocrinologic changes associated with the menopause take place (1) . There has been little investigation of the timing of inception, or of the duration, of the perimenopause. An estimate of the median age at perimenopause of 47.5 years was obtained in a study by McKinlay et al. (9) , with smokers and nulliparous women being more likely to reach perimenopause at a younger age. The median length of the perimenopause was 3.5 years, with smokers and women who are older at inception having a shorter transition.
One theory relates the timing of the menopause to the depletion in oocyte numbers to a critical threshold. Accordingly, the age of menopause will depend on the initial number of oocytes that a woman has and the rate at which they are depleted (10) (11) (12) . Hence, it is suggested that the fewer ovulatory cycles a woman has in her life, the later the menopause (12) . Factors influencing the number of ovulatory cycles include pregnancies and oral contraceptive use, which both contribute to periods of anovulation; delayed menarche, which indicates delayed onset of ovulatory cycles (13) ; and a history of irregular and long average menstrual cycles, which imply fewer ovulatory cycles in total. In addition, unilateral oophorectomy, the removal of one ovary and therefore half of the oocytes, would precipitate earlier menopause (12) .
The Medical Research Council (MRC) National Survey of Health and Development, a cohort of men and women from the general population of England, Scotland, and Wales, born in one week in March 1946, provides a unique opportunity to study factors affecting the timing of the inception of the perimenopause Reproductive Characteristics and Perimenopausal Age 613 and subsequently of the menopause. The hypothesis regarding the rate of depletion of oocytes was investigated in association with the date of inception of perimenopause in women up to the age of 50 years in the National Survey of Health and Development. Risk factors considered were age at menarche, parity defined as the number of live births, oral contraceptive use, unilateral oophorectomy operations, and menstrual cycle length.
MATERIALS AND METHODS
The Medical Research Council National Survey of Health and Development is a socially stratified birth cohort of 2,548 women and 2,814 men. There have been 19 contacts with the cohort between their birth and the most recent home interview by research nurses when survey members were 43 years of age (14) (15) (16) . At this visit, 6 percent of the original cohort of women had died, 11 percent were living abroad, and 9 percent had refused to participate in the study. The population interviewed at the age of 43 years were, in most respects, representative of the native population of that age (15) . In 1993 when members of the cohort were 47 years old, a postal questionnaire relating to women's health during the middle years of life was sent to all women in the study with whom there was still contact (n = 1,788), and an annual follow-up questionnaire has been sent since (17) . Nonresponders were sent questionnaires for 2 consecutive years. Over the first 4 years, 1,572 women have returned at least one postal questionnaire, and the response rates in each year have varied from 84 to 90 percent. Currently, data from the first four questionnaires are being analyzed, with the last of the questionnaires used in this analysis being completed in 1996 when the women were 50 years of age.
Definition of menopausal status (premenopausal, perimenopausal, and postmenopausal) was based on the criteria used in the Massachusetts Women's Health Study (18, 19) . Information regarding the date of the last menstrual period and the regularity of menstrual cycles was collected at each of the four contacts. The first questionnaire asked retrospectively about menstrual cycles for women who had already reached menopause. The date of menopause is defined retrospectively following 12 months of amenorrhea not due to other factors such as pregnancy or lactation. The date of inception of the perimenopause was defined as either the date of the last period, if periods had stopped for between 3 and 12 months, or the date when a woman reported that her menstrual cycle length had become more irregular in the preceding 12 months. The nature of this second definition means that age at inception can only be determined to the nearest year.
Women experiencing cessation of periods other than by a natural menopause were identified from the health questionnaires where dates of hysterectomy or bilateral oophorectomy operations were obtained. Since most combined hormone replacement therapy (HRT) preparations taken by these women cause bleeding, it was not possible, according to the definitions of perimenopause and menopause used here, to define menopausal status while women were taking HRT. Complete histories of HRT use were obtained from the questionnaires.
Information regarding the age at menarche was obtained from mothers when survey members were aged 11 and 15 years. Records of all live births have been collected throughout the adult life of the cohort. Women who had had a unilateral oophorectomy were identified from the health questionnaires. At the age of 43 years, women gave information regarding years of oral contraceptive pill use and the length of their shortest and longest menstrual cycle in the previous 12 months (or 12 months previous to using oral contraceptives, if they were using them at the date of the interview). For the analyses, women were grouped into four categories according to the length of pill use in years (never used and 1-5, 6-10, and 11 or more years).
Smoking has been consistently related to menopausal age (18, (20) (21) (22) (23) (24) (25) (26) , and it has also been observed that smokers have higher rates of menstrual cycle irregularity (27) and impaired fertility (28, 29) . Body build (22) and socioeconomic status (10) have been associated with menopausal age and may both confound the effect of smoking (22) , and menstrual cycle length has been found to vary according to body composition (30) . Hence, smoking and body mass index, defined using information given when cohort members were 36 years of age, and socioeconomic status, represented by educational qualifications achieved by the age of 26 years grouped into no qualifications, below ordinary secondary qualifications, ordinary secondary qualifications (usually attained at 16 years), advanced secondary qualifications (usually attained at 18 years), and higher education, were considered as potential confounding variables.
Kaplan-Meier estimates of the survivor function (31) for age at inception of the perimenopause were produced to compare survival distributions for different categories of each risk factor, and log-rank tests (32) were carried out to formally test the differences in survival experience. Cox's proportional hazard models (33) were used to obtain estimates of the hazard ratio for each risk factor adjusted for all others as well as for confounders. The assumption of proportional hazards made in the model was checked for each risk factor.
The effect of menstrual cycle length was considered in the subset of women who were still premenopausal at 43 years, the age at which they were asked about menstrual cycle length. All analyses were carried out using SAS statistical computer software (34) .
In these analyses, women who had a hysterectomy or bilateral oophorectomy before perimenopause (n = 271) were censored at the age at which the operation took place. Women who were premenopausal at their last contact, either at age 50 years (n = 205) or before (n = 76), were censored at the date of their last completed questionnaire. Women who started taking HRT before a date of inception of perimenopause could be obtained (n = 143) were censored at the date at which they started taking HRT. However, as women often start HRT because they are experiencing health symptoms associated with the perimenopause (35-37), suggesting that the censoring may not be independent of inception of the perimenopause, a competing risks analysis (38, 39) was also carried out. All analyses were thus repeated, first, taking age at first event (either inception of the perimenopause or start of HRT use) as the outcome of interest, and second, taking age at HRT use as the outcome of interest while censoring women who reached perimenopause at the age of inception. The results of these additional analyses are not presented here, but relevant findings are reported where they may have an impact on the conclusions.
The small number of women (n = 17) whose periods stopped for other surgical reasons (usually endometrial ablation) or medical treatment (e.g., chemotherapy) and those who were taking oral contraceptives (n = 2) or for whom data were not complete (n -6) were omitted.
RESULTS
The age at inception of the perimenopause is known for 852 (54.2 percent of respondents) women, with a further 695 (44.2 percent of respondents) being censored and 25 (1.6 percent of respondents) omitted. Full risk factor information was available for 1,166 women, with 1,060 also having full confounding variable information. Women excluded from the analysis had a slightly later median age at inception of perimenopause than did those included, but they were similar in terms of experience of hysterectomy operations and HRT use, risk factors, and confounders.
The overall estimated median age at inception of perimenopause in this study was 48 years. Some variation occurred in the median age across risk factors, and there was evidence of differences in the survivor functions, as indicated by the log-rank tests, for age at menarche, parity, unilateral oophorectomy, and shortest menstrual cycles (table 1). The greatest variation in median age was seen in relation to the reported shortest menstrual cycle in the subgroup of 918 women who were still premenopausal at age 47 years, with shorter cycles being associated with an earlier perimenopause (table 1). Plots of the survivor function, that is, the probability of still being premenopausal at each age, indicated that nulliparous women (figure 1), women who reached menarche at under 12 years of age (figure 2), and those who had a unilateral oophorectomy operation reached perimenopause earlier than did other women.
Proportional hazard models for the full data set, considering the unadjusted effect of each risk factor (table  2) , indicated a decreased hazard of entering perimenopause at any given age for parous compared with nulliparous women, with the hazard decreasing with increasing numbers of children. Women with four or more children were less likely to reach perimenopause at each given age or, equivalently, tended to reach the perimenopause later, compared with women with no children (hazard ratio = 0.56, 95 percent confidence interval (CI) 0.39-0.81). Women who had a unilateral oophorectomy reached perimenopause earlier than did those who did not undergo the operation (hazard ratio = 1.96, 95 percent CI 1.15-3.35), and women who had a late menarche experienced the perimenopause later, compared with those who had an early menarche (hazard ratio = 0.69, 95 percent CI 0.50-0.95). There was no association between oral contraceptive use and the age at inception of the perimenopause (table 2) .
The estimates of the hazard ratios altered very little in a model containing all risk factors of interest (table 2). The estimated median age at menopause, derived from the adjusted model for each combination of the three factors where an association was observed, varied between 46 years and 50 years (table 3) . Further adjustment for the three potential confounding factors, smoking status, body mass index, and education, did not attenuate the relations between the risk factors and age at inception of the perimenopause. Models that allowed the hazard ratio for each risk factor to vary with time suggested that the effect of age at menarche weakened with increasing age, although this effect was not significant at the 10 percent level.
The competing risks analyses considering age at the start of HRT use as the outcome of interest indicate that women who reached menarche at 15 years or over started to take HRT at younger ages compared with those who had an earlier menarche. This relation is in the opposite direction to that between age at menarche and age at inception of the perimenopause, which leads to there being no association between age at menarche and age at first event. The additional analyses also suggest that oral contraceptive users start HRT use considerably earlier than do never users. In the subgroup of women who were still premenopausal at age 43 years, a strong positive linear association between menstrual cycle length in days, using reports of the shortest cycle, and age at inception of the perimenopause remained after adjustment for the four other risk factors (table 4) and also after adjustment for the confounders. An increase of 5 days in the length of the menstrual cycle was associated with a hazard ratio of 0.77 (95 percent CI 0.71-0.83). There was a reduction in the effect of age at menarche, due to the restriction of the sample which omits women who reached the perimenopause early, rather than any confounding effect of menstrual cycle length. There was, however, a weakening of the effect of unilateral oophorectomy on addition of menstrual cycle length (table 4), due to a shorter mean menstrual cycle length among women who have had an oophorectomy compared with those who have not. The relation between the longest reported cycle length and the age at inception of the perimenopause did not conform to the proportional hazards model, as at younger ages women with longer cycles were at greatest risk, while at older ages they were at least risk.
DISCUSSION
In this cohort of British women born in 1946, the overall median age at inception of perimenopause was 48 years, which is consistent with the previous estimate of 47.5 years (9). The results provide some support for the hypothesis that the rate of depletion of oocytes influences the age at menopause as nulliparity, unilateral oophorectomy, and possibly early menarche and short menstrual cycle length were associated with an early age at perimenopause. However, no association was apparent with years of oral contraceptive use. The effects of parity, unilateral oophorectomy, and age at menarche, in combination, translate to an important variation in the median estimated age at inception of perimenopause in the present study, that is, from 46 to 50 years. Using the estimate of 3.5 years for the median duration of the perimenopause reported by McKinlay et al. (9), we find that this translates to an approximate age at menopause of between 49 and 53 years. Such a difference is of clinical relevance as, for example, the risk of fragility fractures sustained by women aged 50-69 years has been found to increase significantly for women who had a menopause between 46 and 50 years of age (55/1,000 womenyears), compared with those who reached menopause between 50 and 51 years of age (33/1,000 womenyears) (3) .
The finding in the current study of a relation between age at inception of the perimenopause and parity supports the findings of McKinlay et al. (9), who suggested that nulliparous women may enter the perimenopause earlier than do parous women. It is also consistent with most studies of the menopause, which have generally found that nulliparous women have an earlier age at menopause than do parous women (10) (11) (12) (40) (41) (42) , although two studies found such a relation only in women of high socioeconomic status (43, 44) . Some of these studies have found a trend in menopausal age with increasing parity (10) (11) (12) 43) , as observed with the age at inception of the perimenopause in the current study. It may be, however, that the number of children a woman has is a result of the age at menopause rather than a predictor of it (11), in that women who are fertile for longer, and thus have menopause later, are likely to have more children. Analyses investigating this possibility defined parity restricting the number of children to those born when women were aged 35 years or under. Results indicated only a very slight weakening of the effect of parity.
The large estimate observed for the effect of unilateral oophorectomy agrees with the effect found in a previous study in relation to age at menopause (12) . In both studies, however, the confidence intervals for the estimate are large because of the small numbers of women experiencing such operations. The evidence of a possible effect of age at menarche on age at inception of the perimenopause, where the effect may be strongest at younger ages, is consistent with the findings of a study that considered factors associated with an early menopause of under 47 years, compared with later menopause (12) . Other studies of the timing of the menopause, however, have shown no such association (10, 11, 21, 22, 40, 44) . In the competing risks analysis for the National Survey of Health and Development, if the age at HRT use was assumed to be a surrogate measure for the age at inception of the perimenopause, a lack of a relation between the age at menarche and the age at inception of the perimenopause would be suggested. Hence, the different patterns of HRT use according to the age at menarche in this cohort may bias the relation between the age at menarche and the age at inception of the perimenopause. There has been little consistency in findings of an association between oral contraceptive use and the age at menopause (10, 12, 18, 41) , and there is no information relating to the inception of the perimenopause. The underlying influence of oral contraceptive use on the age at inception of perimenopause in the current study may have been obscured because of oral contraceptive users' starting HRT earlier than nonusers.
It has generally been reported that median menstrual cycle length is associated with the age at menopause, with women who have short cycles or regular cycles reaching menopause earlier than those who have longer or irregular ones (10) (11) (12) . The current study finds such an association between menstrual cycle length and the age at inception of the perimenopause. However, the measure of menstrual cycle length used here is not ideal, as it is not a measure of average cycle length throughout life, and may not represent menstrual cycles between ages 20 and 35, when cycles are least likely to be affected by variability that occurs closer to menarche and menopause (11) . There may be women who were perimenopausal at 43 years still included in the analysis because of recall bias, as timing of the perimenopause was defined from information provided at 47 years. This may explain the nonproportional relation observed between cycle length and the age at inception of the perimenopause when the longest cycle length reported in 12 months was considered. Given the problems with the interpretation of the longest reported cycle data, there must Reproductive Characteristics and Perimenopausal Age 619 remain some concerns over the validity of the findings from the shortest reported cycle length.
The idea that the age at menopause depends on the number of ovulatory cycles that a woman experiences throughout life is probably too simplistic. There is evidence that follicle-stimulating hormone influences the rate of follicular depletion (1), and therefore the longer the follicle-stimulating hormone is suppressed, the greater the likelihood that the menopause will be delayed. The factors that reduce the number of cycles, that is, pregnancy and later age at menarche, will also suppress the hormone but, although the risk factors considered may be indicators of anovulation, neither the frequency of ovulation nor how many follicles are lost in each ovulation can be ascertained. Furthermore, since a woman begins life with a large number of ovulatory follicles (about 1 million follicles in each ovary at birth (45)), the relatively small numbers preserved due to these periods of anovulation are unlikely to be particularly important in the determination of age at menopause. It may be that the number of follicles that a woman has to begin with has more impact on subsequent reproductive events (45) . It has been suggested that fetal growth retardation in late gestation may result in a reduced number of initial follicles (46) . Birth weight is the only marker of fetal growth available in the National Survey of Health and Development and, although it is associated with the age at menarche (47), it was not associated with the age at inception of the perimenopause. There remains the possibility that the number of initial follicles may influence a woman's whole reproductive life, including the age at menarche, menstrual characteristics, fertility, and age at menopause. For example, it may be that short menstrual cycle length and the rate of follicular atresia are both influenced by the pituitary gland (11) . Hence, short menstrual cycles may be a manifestation of preexisting oocyte depletion (12) rather than a cause of accelerated loss.
Since the study is prospective, the age at inception of the perimenopause is only subject to recall bias for the women who were perimenopausal at the age of 47 when the first postal questionnaire was sent. Risk factor and confounding variable information has been obtained in previous follow-ups and hence is also less subject to recall bias than if it were collected concurrently with menopausal status.
Compared with most previous studies, the National Survey of Health and Development, as it is a younger cohort of women, reported that a greater proportion of women were taking HRT. This increased popularity in HRT use will be a constant problem in the investigation of the epidemiology of the natural menopause if menstrual change is the indicator of menopausal status. Consideration of only the analysis with age at inception of the perimenopause as the outcome and HRT users censored could be misleading if interpreted as valid under conditions where there was no HRT use. Such interpretation is only possible if HRT use is independent of inception of the perimenopause. Hence, it may be that the results can only be interpreted under the conditions existing in the study and may not be generalizable to populations with different patterns of HRT use. The additional information gained from such competing risks analyses does, however, provide useful additional information while highlighting where caution in the interpretation is required.
The definition of perimenopause used here may not identify the inception of the perimenopause in all women, since perimenopause may not always affect the regularity of menstruation. Change in menstrual flow (19) and hot flushes (17, 19) have both been found to be associated with the menopause and could be alternative indicators of the perimenopause. The data in the present study will allow the association between these symptoms and menopause to be investigated further.
In conclusion, some evidence in support of the hypothesis regarding the rate of depletion of oocytes being associated with the age at menopause is provided. Nulliparous women, women who have had a unilateral oophorectomy, and possibly those with short menstrual cycles and those who reached menarche at an early age reach the perimenopause early. The predicted variation in age at the inception of perimenopause due to the factors considered is large enough to be important in terms of the future health risk to women. As future yearly data are collected, analyses will be carried out in order to investigate the relations between the risk factors on age at menopause and length of perimenopause.
